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Preparation of ZnO Photoanode for Dye-Sensitized Solar Cell by Pyrolysis of
Metal-Organic Framework-5

GUO Pingchun, SONG Mengmeng, ZHU Hua, LI Jiake, WANG Yanxiang
(School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333403, Jiangxi, China)

Abstract: Hexagonal ZnO with different average particle sizes and crystallinities were synthesized via pyrolysis of metal-organic
framework-5 (MOF-5) at various temperatures. ZnO pastes were prepared, and then ZnO photoanodes were obtained by a doctor
blade method, thus assembling into dye-sensitized solar cells (DSSC). The phase composition and morphology of MOF-5, ZnO
nanoparticles, and ZnO photoanode were characterized by X-ray diffraction and scanning electronic microscopy, and the effects of
ZnO nanoparticle morphology and photoanode thickness on the properties of DSSC were investigated. The average particle size and
crystallinity of ZnO nanoparticles increase with increasing the calcination temperature for MOF-5. ZnO nanoparticles with a small
particle size have a great specific surface area, and the prepared photoanode has a large amount of dye adsorption, which is conducive
to obtaining DSSC with a high photoelectric conversion efficiency. However, the crystallinity is low as ZnO nanoparticles are rather
small, thus decreasing the efficiency of DSSC. The optimum efficiency of DSSC is obtained at the average size of ZnO nanoparticles
of 65.5 nm. The optimum efficiency of DSSC is 3.86% at the optimal thickness of photoanode of 48 um.

Keywords: metal-organic framework; zinc oxide nanoparticle; photoanode film; dye-sensitized solar cell
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Table 1 BET surface areas and pore volumes of various

samples
Sample No. BET surface area/(m”>g ") Pore volume/(cm’-g ")
T450 12.94 0.089
T500 7.49 0.046
T550 7.08 0.030
T600 5.99 0.023
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Fig. 5 Current—density (J~V) curves of C450, C500, C550 and
C600 samples
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Table 2 Parameters of C450, C500, C550 and C600
samples

Sample No. Voe/ V Jsc/(mA~cm’2) FF n/%

C450 0.69 5.23 0.65 235

C500 0.67 8.57 0.60 3.45

C550 0.70 5.81 0.66 2.68

C600 0.68 4.40 0.60 1.79

Vo 1s the open circuit voltage; J is the short-circuit current density; FF is

the fill factor; # is the conversion efficiency.
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Fig. 6 J-V curves of C500-1. C500-2. C500-3 and C500-4
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Table 3 Parameters of C500-1.C500-2.C500-3 and C500-4
samples

Sample No. Vo V Ji/(mA-cm ) FF /%

C500-1 0.64 5.51 0.61 2.15

C500-2 0.67 8.57 0.60 3.45

C500-3 0.68 9.47 0.60 3.86

C500-4 0.68 7.05 0.65 3.12

(b) Cross-section

K7 it C500-3 JERIRI K SEM fi
Fig. 7 SEM images of C500-3 sample
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R, is the sheet resistance of F-doped SnO, and contact resistance; R> is the

charge transfer resistance at the interfaces of the redox electrolyte/Pt
counter electrode; R; is the charge transport resistance of the
accumulation/transport of the injected electrons within ZnO film and the
charge transport resistance at the ZnO/redox electrolyte interfaces; C; and
C, are constant phase elements of the capacitance corresponding to R, and
R3, respectively.
8 itk C500-3 [¥] Nyquist [k
Fig. 8 Nyquist plot of C500-3 sample
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